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-ACTIVATED Cl Ϫ channels (CaCCs) play important roles in physiological processes including sensory transduction, epithelial secretion, and smooth muscle contraction (9) . Recently, three groups independently identified a gene encoding for a transmembrane protein (anoctamin 1, ANO1, TMEM16A) that closely recapitulates the properties of endogenous CaCCs (4, 35, 42) . ANO1 is highly expressed in epithelial tissues, where it plays an important role in Ca 2ϩ -dependent Cl Ϫ secretion (7, 14, 18, 25, 26, 30) . ANO1 can be activated both by intracellular Ca 2ϩ and by activation of G protein-coupled receptors that raise intracellular Ca 2ϩ (35, 42) . ANO2 has also been shown to be a CaCC and mediates Ca 2ϩ -activated Cl Ϫ currents in olfactory sensory neurons and photoreceptor synapses (28, 29, 32, 37, 38) .
The anoctamin family consists of 10 members, all of which are predicted to have eight transmembrane domains with cytosolic NH 2 -and COOH-termini. With the possible exceptions of ANO8 and ANO10, anoctamins are predicted to have a reentrant loop between transmembrane domains 5 and 6 that has been suggested to participate in the ion selectivity filter (6, 11, 20, 42) . While the predicted structural homology between family members is conserved, evolutionary analysis suggests that anoctamins have evolved distinctive functional properties (20) . Furthermore, the diversity of endogenous CaCCs in various tissues indicates that CaCCs may be mediated by more than one protein molecule. Although other anoctamin family members are, in fact, expressed in epithelial tissues, it is not known whether these function as CaCCs. We find that unlike ANO1 and ANO2, ANOs 3-7 do not generate Cl Ϫ currents activated by intracellular Ca 2ϩ when expressed in human embryonic kidney 293 (HEK293) cells, as determined by whole cell patch clamp electrophysiology. Localization studies demonstrate that several anoctamin family members do not traffic to the plasma membrane in HEK293 cells and may reside in the endoplasmic reticulum (ER). We took a chimeric approach to determine which regions are important for anoctamin trafficking and function, with an emphasis on ANOs 5 and 7. We chose to focus on ANO5 and ANO7 because of their roles in disease. ANO5 was originally identified as the gene responsible for the rare bone disease gnathodiaphyseal dysplasia (GDD1) (21, 39) and has more recently been linked to several limb girdle muscular dystrophies (2, 12, 17) . ANO7 is implicated in prostate cancer, as it was discovered in a search for genes whose expression patterns mimicked those of known prostate cancer genes (15) .
MATERIALS AND METHODS
Cell culture and transfection. HEK293 and COS-7 cells were cultured in DMEM supplemented with 10% fetal bovine serum and 0.5% penicillin-streptomycin at 37°C. Chinese hamster ovary (CHO) and Fischer rat thyroid (FRT) cells were cultured in Ham's F-12 medium supplemented with 2 mM L-glutamine, 10% fetal bovine serum, and 0.5% penicillin-streptomycin at 37°C. The 22Rv1-ANO7 cell line (generously provided by Ira Pastan, NIH) was cultured in RPMI 1640 containing 10% FBS, 1 mmol/l pyruvate, 2 mmol/l glutamine, and 100 g/ml penicillin, and 100 g/ml streptomycin. For electrophysiology, low-passage HEK293 cells were transfected using Fugene 6 with 1 g of green fluorescent protein (GFP)-tagged anoctamin constructs. For cotransfections, 0.5 g of each construct were used. Transfected cells were then plated at low density and used for electrophysiology 24 -48 h after transfection. Cells expressing the GFP-fusion proteins were patched. For immunofluorescence, all cell types were transfected with 1 g of DNA using lipofectamine 2000 (Invitrogen). For colocalization with the mCherry-17 ER marker (3, 31) (generously provided by Catherine Hartzell, Stanford University), cells were transfected with 1 g of the 17-mCherry construct in addition to 1 g of the ANO7-myc construct.
Electrophysiology. Recordings were performed using the whole cell patch clamp configuration. Patch pipettes had resistances of 2-4 M⍀. Data were acquired by an Axopatch 200A amplifier controlled by Clampex 8.2 via a Digidata 1322A data acquisition system (Molecular Devices). Voltage ramps of 200 ms from Ϫ100 to ϩ100 mV were applied at 10-s intervals, followed by a voltage-step protocol from Ϫ100 to ϩ100 mV in 20-mV intervals applied every 10 s. Data were analyzed using ClampFit 8.2 software (Molecular Devices).
Solutions. Anoctamin constructs. mANO1 tagged with enhanced GFP (EGFP) on the COOH-terminus was generously provided by Prof. Uhtaek Oh, Seoul National University. hANO7 tagged with myc on the COOHterminus was provided by Ira Pastan, NIH, and was tagged on the COOH-terminus with EGFP or mCherry by subcloning into pEGFP-N1 or pmCherry. The hANO5 construct was purchased from Open Biosystems (I.M.A.G.E. ID: 100061756) and tagged with EGFP on the COOH-terminus by subcloning into pEGFP-N1. All other ANO constructs were cloned from mouse tissues using RT-PCR and subsequently subcloned into pEGFP-N1 (mANO2, NM_153589.2; mANO4, NM_178773.4; mANO6, NM_175344.3; mANO10, NM_133979.2).
Generation of chimeric constructs. Chimeras were constructed using overlapping PCR (13) . After PCR, the products were digested and subsequently ligated into the pEGFP vector.
Immunoblot. Cells in culture were homogenized in lysis buffer containing 1% Triton X-100, 1 mM EDTA, 50 mM Tris·HCl (pH 7.4), and protease inhibitor cocktail III (Calbiochem) plus 10 M phenylmethylsulfonyl chloride. Samples were diluted in SDS Laemmli buffer, and aliquots were run on 7.5% reducing SDS-PAGE and transferred to nitrocellulose. ANO7 antibody was used at a 1:1,000 dilution and detected by enhanced chemiluminescence (Super Signal, Thermo Scientific).
Immunofluorescence. Cells were plated on poly-D-lysine-coated coverslips. One to two days after transfection, cells were fixed for 20 min in 4% paraformaldehyde. Cells were then washed in PBS, incubated in a PBS blocking solution containing saponin (0.025%) and either BSA (3%) or 1% cold fish water gelatin for 30 min at room temperature, and subsequently incubated with primary antibodies (1:1,000) overnight at 4°C. Primary antibodies were used against the following antigens: hANO7 (generously provided by Dr. Ira Pastan, NIH, directed against amino acids 875-933, IPES. . .QLQQ), mANO1 (amino acids 878 -960 MSDF. . .GDAL, SDIX custom Genomic Antibody, Newark DE), mouse anti-myc (1:1,000, Invitrogen), rabbit anti-calnexin (1:300, Enzo Life Sciences), mouse anti-calnexin (1:50 BD Biosciences), sheep anti-TGN46 (1:150, AbD Serotec), KDEL receptor (1:200, Stressgen), and mouse anti-EEAI (1:100 BD Biosciences). For determining ANO7 antibody specificity, antibody was preincubated with immunizing peptide for 1 h at room temperature. The cells were then washed and incubated with a mixture of Alexa 488-or Alexa 568-conjugated (1:1,000) secondary antibodies for 1 h at 4°C, and either rhodamine-conjugated wheat germ agglutinin (2 g/ml) (WGA, Invitrogen) for 10 min at room temperature, or Alexa 633-conjugated phalloidin (1:1,000, Invitrogen) for 1 h at 4°C. Coverslips were mounted on glass slides using ProLong Gold (Invitrogen).
Human prostate tissue. Sections of frozen tissue from radical prostatectomy specimens were obtained from the Prostate Tissue Satellite Bank of the Human Tissue Procurement Service of Emory University. Formalin-fixed paraffin-embedded tissue from the same patients were also obtained. All the sections utilized for this study were from areas composed exclusively of benign prostatic tissue. Frozen sections (20 m thick) were fixed for 1 h in 4% paraformaldehyde in 0.1 M phosphate buffer, pH 7.3, rinsed 3ϫ in PBS, and blocked with 1% cold fish water gelatin in PBS for 1 h. Paraffinembedded sections were deparaffinized with two washes in xylene for 5 min followed by rehydration with serial dilutions of ethanol.
Sections were heated in a water bath (20 min at 85°C) in citrate buffer for antigen retrieval. Both frozen and paraffin-embedded sections were incubated with primary antibodies overnight at 4°C. Antibodies were used against the following antigens: anti-alpha Na ϩ -K ϩ -ATPase, (a6F-c, 1:100, Developmental Studies Hybridoma Banks, University of Iowa), calnexin (1:50, BD Biosciences), rabbit anti-ATP12A (1:50, Sigma), and aquaporin-3 (Santa Cruz Biotechnology). Use of human tissue was approved by the Emory University Institutional Review Board. Tissue samples were deidentified and impossible for us to trace back to the patient's identity.
Bioinformatic analysis. Protein and nucleotide alignments and pairwise comparisons were performed using Lasergene 7.0 and CLC Main Workbench 5.6. Transmembrane helices were predicted using MemBrain, which integrates sequence representation by multiple sequence alignment matrix, optimized evidence-theoretic K-nearest neighbor prediction, fusion of multiple prediction window sizes, and classification by dynamic threshold (36) . Type-II divergence was determined using DIVERGE 2.0 (http://xgu.zool.iastate.edu/software.html). GENBANK accession numbers of sequences used for the DIVERGE analysis were the following: Ano1: NP_001101034, NP_848757, XP_610636, NP_060513, XP_854489, XP_002194623, XP_421072, NP_001128709, NP_001123799, NP_001155062; Ano2: XP_508944, NP_065106, XP_001495378, XP_001066367, NP_70581, XP_001118212, XP_590066, XP_001368614, XP_002188249; Ano5: NP_998764, XP_001918124, NP_808362, NP_001086810, NP_001073452; Ano7: NP_996914, NP_001004071, NP_001001891, XP_684890, XP_001377095.
RESULTS

Expression of ANOs 3-7 do not generate Ca 2ϩ -activated Cl
Ϫ currents in HEK293 cells. We performed whole cell recordings on HEK293 cells transiently transfected with anoctamin constructs (ANO 1-7) (Fig. 1 ). Cells transfected with GFP alone had negligible Cl Ϫ currents (Ͻ100 pA in amplitude at ϩ100 mV). Expression of GFP-tagged ANO1 produced currents that were Ca 2ϩ dependent. ANO1 currents were outwardly rectifying at intracellular [Ca 2ϩ ] Ͻ1 M and nearly linear at higher [Ca 2ϩ ] (Fig. 1, A and B) . ANO2 currents were also Ca 2ϩ dependent but activated more quickly and exhibited more pronounced outward rectification at high Ca 2ϩ ( Fig. 1, A and B) . The mean peak amplitudes of currents at ϩ100 mV with 24 M intracellular Ca 2ϩ were 13 Ϯ 1.8 nA for ANO1 and 4 Ϯ 1.2 nA for ANO2. In contrast, cells transfected with ANOs 3-7 had currents that were the same as GFP controls (Fig. 1C) . ANO7 has been reported to support a very small iodide flux in transfected FRT cells (34) , but in our hands expression of ANO7 in FRT cells did not yield significant Ca 2ϩ -activated currents at ϩ100 mV, as measured by whole cell patch clamp electrophysiology (31 Ϯ 12 pA, n ϭ 3).
Because many ion channels are heteromeric, we tested whether the absence of currents could be explained by the absence of another subunit. We coexpressed ANO7, which is not detected in HEK cells by RT-PCR or Western blot, with ANO1, ANO2, ANO4, ANO5, ANO6, and ANO10. Combinations that included ANO1 were tested at 180 nM Ca 2ϩ to avoid maximal current activation, whereas combinations with other ANOs were tested at 24 M Ca 2ϩ . None of these anoctamin combinations generated Cl Ϫ currents, with the exception of coexpression of ANO7 with ANO1 or ANO2 (Fig.  1D ). mANO1ϩhANO7 produced currents of similar amplitude as mANO1 alone at the same [Ca 2ϩ ] (ϳ180 nM). Similarly, mANO2ϩhANO7 produced currents of similar amplitude to mANO2 alone at the same [Ca 2ϩ ] (ϳ24 M).
C483 ANOs 3-7 ARE INTRACELLULAR PROTEINS
Plasma membrane trafficking of ANOs in various cell lines. ANO constructs with a COOH-terminal EGFP tag were overexpressed in HEK293, CHO, and COS-7 cells and analyzed using confocal microscopy ( Fig. 2) . Multiple cell lines were used in the event that HEK cells lacked an essential subunit or chaperone for proper trafficking. These cell lines originate from different species and tissues, and therefore provide a different proteomic background for favorable expression and trafficking. Similar results were obtained with all cell lines tested. ANO1 is clearly localized to the plasma membrane ( Fig.  2A) . In contrast, EGFP-tagged ANOs 3, 4, 5, 6, 7, and 10 are localized intracellularly (Fig. 2B) . The intracellular localization of ANOs 3, 4, 5, 6, 7, and 10 is consistent with electrophysiology data, which shows that these ANOs do not produce Ca 2ϩ -activated Cl Ϫ currents when expressed in HEK293 cells. To test whether the intracellular localization of ANO7 was possibly caused by the EGFP tag, we examined the localization of a myc-tagged construct. The myc tag is considerably shorter than the 238 amino acid EGFP tag and may be less likely to interfere with protein folding or trafficking. The localization of ANO7-myc was also intracellular like ANO7-EGFP (Fig. 2C) . In Fig. 2C , the difference in localization between ANO1 and ANO7 is shown clearly where ANO7-myc was coexpressed with ANO1-EGFP; ANO1 is localized to the plasma membrane, whereas ANO7 is intracellular. We observe a similar subcellular distribution of ANO1 and ANO7 when expressed in several cell lines, including HeLa and CHO cells.
Subcellular localization of anoctamins. In cells transfected with fluorescently tagged ANOs 3, 4, 5, 6, 7, and 10, a reticular pattern characteristic of ER is observed (Fig. 2B) . Colocalization of ANO7 with mCherry-17, an ER marker, supports the conclusion that most of ANO7 is localized in the ER (Fig. 3A) . Colabeling of cells for ANO7 and calnexin (CNX), another ER marker, reveal that while a portion of ANO7 colocalizes with CNX, some ANO7 is localized in a compartment adjacent to the CNX. These data indicate that some ANO7 is localized to an ER subdomain distinct from that of calnexin. ANO7 does not colocalize with other markers, including the KDEL receptor (cis-golgi), EEA1 (endosomes), or TGN46 (trans-golgi) (Fig. 3B) . While we cannot rule out potential artifacts of overexpression in a heterologous system, these results suggest that intracellular anoctamins may be ER proteins.
Because the localization of heterologously expressed proteins might be abnormal for a variety of reasons, we examined the endogenous expression of ANO7 in the prostate using an antibody against the COOH-terminus of the long form of ANO7 (5, 6) . The specificity of the antibody for the long form of ANO7 was confirmed by both immunoblot and immunofluorescence (Fig. 4) . The antibody recognizes a 133-kDa band in HEK cells transfected with GFP-tagged ANO7 and a 106-kDa band corresponding to nontagged ANO7 in a stable cell line 22Rv1-ANO7 (Fig. 4A) . No signal is detected in nontransfected HEK293 cells or in 22Rv1 cells stably transfected with the empty vector. Furthermore, preincubation of the antibody with immunizing peptide abolishes the ANO7 signal (Fig. 4B) . The antibody is also suitable for immunofluorescent staining, as antibody staining colocalizes with myc-tagged ANO7 (Fig.  4C) . The staining can be abolished upon preincubation with the immunizing peptide. Localization of endogenous ANO7 in human prostate. Staining of human prostate tissue with the ANO7 antibody revealed that ANO7 was highly expressed in the prostatic epithelium when examined at low power (Fig. 5) . At higher power, a significant portion of endogenous ANO7 appeared to be localized intracellularly. Basolateral membrane markers aquaporin 3 and Na ϩ -K ϩ -ATPase are clearly confined to the basolateral plasma membrane. In contrast, ANO7 appears to be localized intracellularly at the apical end of the cell. Much of the ANO7 staining is punctate, and there is no clearly defined apical staining (Fig. 5) . We have tried to no avail to find a good apical plasma membrane marker, but none of the antibodies that we have tried (anti-aquaporin 3, anti-Na
were localized apically (Fig. 5) . As in HEK cells, ANO7 staining overlaps with that of calnexin, but the two proteins do not precisely colocalize.
Sequence homology across ANOs. There are 10 members of the anoctamin family. However, ANO1 and ANO2 comprise a distinct branch of the family tree. Protein sequence conservation analysis reveals that ANO1 displays the highest degree of conservation (ϳ57% identical) with ANO2, the only other anoctamin shown clearly to be a CaCC. The percent identity between ANO1 and other anoctamin family members is lower, with ANO5 and ANO7 being ϳ30% identical to ANO1. If one includes structurally similar amino acids, ANO1 is 51% similar to ANO7 and 59% similar to ANO5. Although anoctamins have a similar predicted membrane topology and display sequence conservation in TMDs, it is not clear whether all anoctamins are associated with Cl Ϫ currents. Evolutionary analysis using DIVERGE suggests that anoctamins may have diverse physiological functions. The regions exhibiting the highest functional divergence are the NH 2 -terminus and the hydrophilic loops between transmembrane domains (Fig. 6) . However, divergent amino acids are scattered throughout the protein and clustering provides little clue to identifying key amino acids that could account for differences in trafficking or function of the proteins. We therefore took a chimeric approach to identify regions between ANO1 and ANO5 or ANO7 critical for channel trafficking and function.
Chimeras between ANO1 and ANO5 or ANO7 do not generate Ca 2ϩ -activated Cl currents. Because protein NH 2 -and COOH-termini frequently contain targeting signals important for protein trafficking and were identified as being different among ANO1 or 2 and ANO5 or 7 in the DIVERGE analysis, we generated chimeras containing either NH 2 -or COOH-terminal sequences from ANO1. Functionality and localization of chimeras between ANO1 and ANO5 or ANO7 were analyzed using whole cell patch clamp electrophysiology and confocal microscopy. Replacement of the NH 2 -or COOH-terminus of ANO7 with the corresponding sequences from ANO1 (Fig. 7 , chimeras 7-2 and 7-3, respectively) did not produce currents and were not trafficked to the plasma membrane. A chimera composed of ANO7 with an ANO1 NH 2 -terminus and first transmembrane domain (chimera 7-4) was not trafficked to the plasma membrane. The inverse chimera composed of ANO1 with an ANO7 NH 2 -terminus and first transmembrane domain (chimera 7-5) also was retained intracellularly. These data suggest that there are multiple trafficking signals in ANO7 that are involved in preventing trafficking to the plasma membrane. Analogous results were obtained with ANO1-ANO5 chimeras (Fig. 8 ). An ANO5 chimera con- taining the ANO1 NH 2 -terminus plus the first two transmembrane domains and first intracellular loop (chimera 5-2) was localized intracellularly and did not generate current (Fig. 8) .
One possible explanation for the absence of currents generated by ANO5 and ANO7 is that these channels are not activated by Ca 2ϩ but are activated by other mechanisms. We have found that the sequence 444 EEEEEAVK 452 in the first intracellular loop of mANO1 is important in determining the Ca 2ϩ sensitivity of the channel (10, 41) . In both ANO5 and ANO7, the EAVK sequence is not conserved. Therefore, we inserted EAVK after amino acid 462 to test whether the EAVK sequence was important in channel trafficking or activation. The ANO7 construct containing the EAVK sequence (chimera 7-1) did not produce current when expressed in HEK293 cells and did not traffic to the plasma membrane (Fig. 7) . Similar results were found with a chimera of ANO5 in which the entire first intracellular loop is composed of ANO1 sequence (chimera 5-1) (Fig. 8) .
Because neither NH 2 -and COOH-terminal sequences from ANO1 nor the EAVK sequence were sufficient to traffic ANO5 or ANO7 to the plasma membrane, we took a slightly different approach. We sought to determine whether the putative pore of ANO5 is functional when inserted into Fig. 6 . Evolutionary divergence between ANO1 and 2 and ANO5 and 7.mANO1 sequence is shown. Available vertebrate ANO1, ANO2, ANO5, and ANO7 sequences were aligned and analyzed by DIVERGE 2.0 for type-II divergence to identify conserved amino acids of difference between ANO1/2 and ANO5/7. Amino acids colored red are amino acids that are conserved in both ANO1 and 2 that differ from conserved amino acids in both ANO5 and 7. Green: amino acids conserved in ANO1 and 2 that are different from conserved amino acids in ANO5 but not ANO7. Yellow: amino acids conserved in ANO1 and 2 that are different from conserved amino acids in ANO7 but not ANO5. Amino acids boxed in blue are unique to ANO1 and are critical for Ca 2ϩ sensitivity, but are not conserved in ANO5 and ANO7.
ANO1. The reentrant loop between TM5 and TM6 in ANO1 is thought to form, at least in part, the conduction pathway of the channel (4, 42) . If replacement of the ANO1 putative pore with that of ANO5 yields a functional channel, this would strongly suggest that ANO5 also functions as a CaCC. We initially replaced TM5 through TM6 of ANO1 with the corresponding sequence from ANO5 (chimera 5-3). This construct was not trafficked to the plasma membrane and did not generate current (Fig. 8) . We then shortened the substituted ANO5 sequence to include only the putative reentrant loop (chimera 5-4). This chimera was also not trafficked to the plasma membrane and did not generate current. Surprisingly, Ano1 containing only 58 amino acids of ANO5 sequence in the reentrant loop (chimera 5-5) failed to be targeted to the plasma membrane or to generate current. Likewise, ANO5 chimeras containing the ANO1 pore region (chimera 5-2) were intracellular (Fig.  8) . These data suggest that the reentrant loop of ANO1 and ANO5 is sufficiently divergent, such that substitution of the ANO1 sequence with the corresponding sequence from ANO5 results in structurally aberrant protein. That none of the chimeras between ANO1 and ANO5/7 trafficked to the membrane indicates that ANOs 5 and 7 may have topologies that differ from ANO1.
DISCUSSION
Anoctamin family homology. Expression of ANO1 in several different cell types produces Ca 2ϩ -activated Cl Ϫ currents that resemble those of endogenous CaCCs. ANO2, which is ϳ57% identical in primary sequence to ANO1, has also been shown to produce Ca 2ϩ -activated Cl Ϫ currents. The conservation of sequence among the anoctamins suggests that other ANOs may also function as Cl Ϫ channels. However, homology is not a certain predictor of protein function as shown by recent examples: certain voltage-gated Ca 2ϩ channels in skeletal muscle are nonconductive to Ca 2ϩ (33) , the ␦2 glutamate receptor is not activated by glutamate (19) , and some of the ClC proteins are Cl Ϫ channels and others are H ϩ -Cl Ϫ exchangers (1). Although we have come to expect that similar sequence implies common function, it is clear that many structurally related proteins have different functions; for example, the Eschericia coli RecA protein, the bovine F1-ATPase, and Salmonella typhimurium adenosylcobinamide kinase all share the same highly conserved core yet perform widely different functions of genetic recombination, ATP synthesis, and phosphorylation (8) .
The topology of ANO7 has been studied using epitope tag insertion (6) . The results of these experiments support an eight transmembrane topology model of ANO7 in which NH 2 -and COOH-termini are cytoplasmic. The topology of other ANOs has not been explored experimentally, but it is thought that they are similar to ANO7 because of the primary amino acid sequence is highly conserved and the proteins exhibit very similar hydropathy profiles. However, we have data that the topology of ANO1 is not as predicted in the region of the putative reentrant loop (Yu K, Duran C, Qu Z, Cui Y, Hartzell HC; unpublished observations). Small differences in sequence among the family members are likely to account for the differences in their trafficking and possibly also function. The most notable difference between ANO1 and ANO5 or ANO7 is their localization. ANO1 is clearly expressed on the plasma membrane. However, ANOs 3-7 and ANO10 are intracellular in several expression systems as confirmed by whole cell patch clamp electrophysiology and confocal microscopy. We found that ANO7 colocalized with the ER marker mCherry-17 and displayed partial overlap with calnexin. However, ANO7 did not colocalize with markers for Golgi or endosomes in transfected cells. A search for ER retention signals within ANO5 and ANO7 revealed that neither contained the classical ER retention signal KDEL (24) . However, ANO5 and ANO7 do have several RXR/KKXX potential retention signals that are not present in ANO1. These potential signals are mainly located in the NH 2 -terminus, but replacement of the ANO5 or ANO7 NH 2 -terminus with the ANO1 NH 2 -terminus did not result in plasma membrane localization.
Further examination of the localization of ANO7 reveals that the majority of endogenous ANO7 in prostate is intracellular, but it remains unclear exactly in which subcellular structures it resides. We cannot rule out the possibility that some ANO7 is trafficked to the plasma membrane because we have not been able to identify a reliable apical membrane marker. Surprisingly, although the Na ϩ -K ϩ -ATPase has been reported to be apical in some studies (22) but not others (23) , in our hands it is clearly basolateral in human prostate. Similarly, H ϩ -K ϩ -ATPase, which has been reported to be apical in mouse (27) , is intracellular punctate in human. One possibility, although unlikely, is that the apical membrane has been destroyed during preparation of the tissue. Additional experiments are needed to refine the subcellular localization of endogenous ANO7, but our results indicate that ANO7 is primarily intracellular and is likely expressed in the ER. The fact that we find no current in transfected cells and no membrane localization in transfected cells or prostate, and that others have reported essentially background iodide fluxes in cells transfected with ANO7 (34), argues strongly that the primary function of ANO7 is not a plasma membrane Cl Ϫ channel. A similar situation exists with ANO5. Transient expression of ANO5 results in ER localization of the protein, but subcellular fractionation indicates that endogenous ANO5 resides in intracellular membrane vesicles (21, 40) . Mizuta et al. (21) report that ANO5 resides predominantly in fractions that contain membranes from Golgi apparatus, secretory vesicles, endosomes, endoplasmic reticulum, and trans-Golgi network, and to a lesser degree in the plasma membrane fraction. However, the precise nature of the intracellular compartments in which it resides has not been determined (21) .
ANO5 and ANO7 may have significant structural and functional differences from ANO1. We constructed several chimeras between ANO1 and ANO5 or 7 in an attempt to traffic ANO5 and ANO7 to the plasma membrane. However, relatively short sequences from ANO5 or 7 are sufficient to prevent ANO1 trafficking to the plasma membrane. Remarkably, replacement of a stretch of 59 amino acids within the predicted reentrant loop of ANO1 with corresponding sequences from ANO5 resulted in intracellular localization. This result is surprising in that the substituted region falls within a domain that is relatively well conserved across all members of the anoctamin family. The anoctamin domain, previously referred to as the DUF590 domain of unknown function, is a COOH-terminal stretch of ϳ200 amino acids (Pfam PF04547). These data highlight the importance of this domain in anoctamin function and reveal notable differences between anoctamins in this region. One explanation of these results is that substitution of ANO1 sequences with sequences from ANO5 introduces targeting sequences that prevent trafficking to the plasma membrane. However, introduction of the corresponding ANO1 sequences to ANO5 did not result in functional plasma membrane channels. Similarly, chimeras between ANO1 and ANO7 were intracellular. These results demonstrate that ANO5 and ANO7 are significantly different, both structurally and functionally, from ANO1.
Are ANO5 and ANO7 CaCCs? Based on our findings, it is still unclear whether ANO5 and ANO7 are CaCCs. The intracellular localization of ANO 3-7 in several systems precludes the use of whole cell patch clamp electrophysiology to examine channel function. In a previous study by Schreiber et al. (34) it was suggested that ANO7 functioned as a CaCC. However, in iodide flux assays, the ATP-or ionomycin-stimulated flux carried by ANO7 was less than 10% as large as ANO1. Although a small fraction of ANO7 may traffic to the membrane, ANO7 is predominantly intracellular and generates currents indistinguishable from background. It is possible that anoctamins function as intracellular CaCCs.
It is possible that the iodide flux experiments are more sensitive than patch clamp, as it measures anion influx over a period of time. Nonetheless, it is surprising that the short form of ANO7 (ANO7S), which is a 179 amino acid protein with no predicted transmembrane domains, produced approximately the same iodide flux as the long form of ANO7. It is clear that Ano3-10 likely have roles in physiology distinct from that of ANO1 and may produce currents with properties very different from those of ANO1.
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